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(54) LASER BEAM MACHINING METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of cutting a machining object 
without developing a crack, deviating from the 
predetermined line for welding or cutting on the surface 
of the machining object. 

SOLUTION: A pulse laser beam is radiated on a 
predetermined line 5 for cutting on the surface 3 of the 
machining object 1 under the condition of causing 
multiple photon absorbtion, and making a condensing 
point P agree with the inside of the machining object 1. 
By moving the condensing point P along the 
predetermined line 5 for cutting, a reforming area is 
formed inside the machining object 1 so as to be along 
the predetermined line for cutting 5. By splitting the 
machining object 1 along the predetermined line for 
cutting 5 making the reforming area a starting point, the 
machining object 1 can be cut with a comparatively small 
force. Since in the irradiation of the laser beam, the 
pulse laser beam is scarcely absorbed on the surface 3 

of the machining object 1, the surface 3 is not melted, caused by the formation of the reforming 
area. 
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(2) 



WBfla O 02«-1 92370 



m2) JilJit?A^-3/^JUXi|iiA<1 // s JaT<D^fe<«^-<? U— y 
Jte^HltL, fItEft]X*f^!t«D(D^BT^^^'f XcitioT 
ItHEJpx^tfiil^iKDWSiilc-J? ^ '7 <7«lgt^ ^t?5!{Kli«E^ 

jg«-r«xs$fillxs, u— tfiDx:^^, 
[iiSi«3] »]xj!f^!|^!ia)wa5icm3t^$^t5i±r, 

*3fcjSilc33lt.6hf-<7/^'7— S5SA<1 x 1 o8 (w/c 

m2) u^±•T7*^-^/^J^xl|@*M // s jy.Ta>*ft-cu— tf 

fltrlBiiDxst*!^rortSliic?&gi!«is^j|E$^tji»jl««$ 
pj?t-r-i)Xii^<i^^. u— tftox:^^, 
[S!*«4] Anx«Si!^<7)WS|Jic«3it^*^+p-&T. 

^3t^lCfcMt-6e— ^z^-:;— X 1 o8 (W/c 

m2) jaji-c?A'>-D/^jux*g3!i<i n s jaT<D3^<*-e u— y 
^fBftiX}ttst!i$!i(Dn«!sicBef^«f%ib {^tzmm-c«s>^m 

«f ^^-Ibfii* $#t?asii«* J^^-r -5 xs ^ «j ^ -6 . 

u— »fj|)nx:^j£. 

l*/<iUX U— Ifat* ^t,\ 1 ~ 4 <Dl^-r*lA>«C|H 

tsrou— ifttix:&5t„ 

$ *tfc u— »f 3te *«3t L r «riB*ox***!|8§fl)rtajic* jfc 
jSi^^*5-frTu— tfat^fisw-^-s, il*«i-sa)t^-r 

[a3R«7] Mie*nx3t*^!|5!ifl)i*ig|i(cm^^^^*3-& 

*^■t^rM^^^:^lRlA^f,figs^-r•&. aist^i -srot^r^t 

[a}3R«8] MIB«»a)U— »f3t«^A^p,all^*ttfc'8• 
^— fJtBi!iDXJt^!|Sl(DffilBa®*^?>Alf-r'S» 

mt. «iii2*nx$*^!^<;)m®jsi^t,ASt-r?.u— tpjt^tb 
it-r * u— tf ifcji t . $^t;»3)5« 7 iBiE© u— tf mx 

[bS3R^ 10] lir8B«»<© U-lf 3t3SJ*fl(rlB^»r^« 
Sil^^t;, i^*«7-«'9 0L^-r^^A^lciB«(D^— tfJlDX 



« 1 - 1 0<0L^-r4^*^ICiBtt<0b— tflOXiSJ*, 

xs^«^-s. 1 (D^^■rtl*McfBtEal^— 

^f^)Ox:&J£„ 

3] BtItE*ax>!*^!|4!il*:^^X^^t,\ 
« 1 ~ 1 2 CDL^•r^^A^lclBmo5 U— 9'ttix:;^a„ 
[it*«l4] «llBADX*f^!feil*E«*t*4$^t.\ » 
1 ~ 1 2<DL>-r*l.*'»f=:f3tt<0^— »filDX^gfe. 

1 ~ 1 2<Dt''-rtLAMCtBK<7)U— tfilDX^,^„ 

u— y'iiDx:;^ji„ 

CM*JS171 B!ltBilDXj*^!fel<DMIB«®lc®^^T?/< 

6 a)t%-r*t36>ic8Btt<7) u— tfftix^^. 

cisjjtis 1 8 ] ^m{^mm(Dffj^izmtft^^-^t>i± 

*jlt^lCfclt-5br— ?/N*':7-|&aE*<1 X 1 o8 (w 

oT«tIfB¥ae<*Wi^<Dl^ftJf=&Sl«JgE^PJ|R-r«XS$ 

jRjifej^lci3i+«.e— ^/^"^-SBJtA^I X 1 o8 (w/c 
m2) Jil±.-CA''-:)/<;UXi|@A<1 ju s KiTOlilfr-C L/—- y 
aflfc^i^StL. SlrtBaB*t3^©«B}r^«^-<>lc;ftorSil 

u— tfJbnx^,^o 

[if«^2 0] fifBJnx«Si!B!il*, -i-fljasicfilSli 
Jnx:^5S, 

2 1 ] «iiiB«»<DiHiBsajfc u— y'ateAtMW * 
L/-- tfljnx:^afeo 

m-:>xmt&^^mw^n(j>p^Uiz(Dff-mm9&m^i$i^mm 

[0001] 

C^B^roSf -Sttffif^i-i?] 

[CO 0 2] :*:||0^li. ^*i3li**titi4««i, l±m*ti^Stti 

'(>is^:^m^m<Dm2LnMimommiz^m^H%, u— »f 
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[00 0 3] 

■C, iOXitSl1«!lA<5|tlii*';7x/N<Oii6. i»iai«:';7x/\<D 
[0004] 

lit*»Jt-r«:&ai LT. ffS^tf. «P2000-2 1 

9 52 8-§"i^$gAi>iK^20 00-1 5 4 6 7 -^-ii^^frgg 
*$4ifcU— iflc<fc^«]B3T:S/*A<3E)'5o CtLf>fl)^ffi<D 
«IBr*5S-Ctt. ftlX«gl%i<D«lBfr<5fiiBf* y'iflfcic 
J:y»l?»L, ^Lr*PXj^*!te)$;%ip-r-SC,!:(cJ;y. 
liDXJt^!|^!l©^BTt-4!iBflc«MlrSS*^i:*-fei-CliDXS* 

[OOQ5) L*>L, Cilx?>©4!taa)«B}f*rsi-pi*, *0 
x?t^!|^|c^C-5i»®5i*<:^#«.>i:, ttixS=f^!|^<©S® 

t36<*-5. j:oT, :I*tt.a)«^»r:&^■ettaffi«JB5f*■r 
-^)CtA<■e^J^^L^, ttlXj^^4aA<i»iS©«:'!7i/\. 

[0 0 0 6] :f:%BM<0S^fi^^t. Aix^fiil^cDaillc^j^ 
t X u— tf ftjx:^s ^ »«-r •& c t -e -5 . 

[0007] 

[RfflS«*-r«>fc«)<D#ia:] *l6WlcfiRS u— tflnx 

ftIX>ft^ifei<7)Wgi5fcmjt^^^*5-t+TU— tfit 
$R8*tL. HDXMSliteKD^Sf^S^-f >IC?ttoTllDXS* 
ft!|^a)l^flSI=»j^'Fi»i|KI=<k-&i»S1iJ|£$]|$^-rSXlS 

[0 0 0 8] 3»i:f§B^{r^^U— tPlJDX^5£|CJ:tll*. *n 
X3^^!|a©WSPlc^jt^^^t5-ti-C U— »f jt^ Bg*t L*^ 
•:)#3tT■?ftl|5^tl^51SSl*flJffi■rSC^:lcJ:y. JiDXj* 
m^<DWailC5ScM^J|?^}^JiELTtN^„ Aax>Et^!^roej 
BT-r-5emi::'(5ie.*^<De^A<fc^i. SOXS^^ita^-ik^ 

IflOX^iilcJ:*!!*, iSjtSli«*je^i:Lr«)Bf 
^3t^-('i/lcj{JoTft]X«*!tS!lA<S!Hx*CtlC<fcy. in 



3tf*"CJ!ioxS*gi!fei*^Bff -&::i:6<-c^*<0T?. *dxS* 

fli -ti- -S c t < inxj* ^itaro^BrA^nrtl i: 'Sf -5 . 
[0 0 0 9] ;*:5is^ic^«>u— tfiipx:^jsicj:n 

1*. fl]XJt«i!|«!l®l»}«llC©Blffl*)|C^jt^l!ftJ|R$5g**-t* 

>l*Sl!B!l<D«iiiAS>WfflJI=38l8»c§l A^^^f=«-^?■t J: L. ffi 
[0 0 1 O] *5IB^lCfigSL'— tfJ!lDX:&ai*, SDXS^gl 
•7— ffiSA^I X 1 08 (W/cm2) Ja±-C*^-3/^ilxXtS 

AM s WTro^fe#T?u— tfjtS-RSWL. Jbnxs^^ifei.ro 
WBri^^^-f >lcittorJ]DXj*^!teia)WaiI|c-^^ •y'?^ 

#itaa««$}Kjat-«xe$flt it* ^ t ^^wt 

[0 0 1 1] *:^BJ|C^SU— tf*OX:^,^ICj;tHf. JJD 

x?*a!iaa)rtaii(c^3it^s^t3#r. mstjSiicfcMtse 

— ^/^r?— X 1 o8 (W/cmZ) JJl±1?*NO/< 

:i<Dfz»b. *OXS*^!|aff>WSp-eJ*^3t^F-?RJ|Rlc^i,3fe^ 
fi<)S«i:L>d3a^A^*^f -So C©Jt^MS«l=<J:yin 
XS*Sl!Kj©WfflJlcj!&0--r^A<^je**i, ZtL(cJ:yJ!iDX 

u— tf<jDx:&s6(c<fe*itf. aix>i*gi^aro«®icjtsft-v«i 

[0 0 1 2] :$:f|B^I=«SU'— »fj!iDx:5^l*. *nx5it^ 
•P— ffiSAM X 1 o8 (w/cm2) tel±-cA^-:3/^;ux*S 

mm=^^^-<>\zm-:>xm:Lyii0t.<\sis(ommzi^mmmm 

[oo 1 3] :$:5IBi||c^SU— tfttix:safe«cj:ii(f, to 

xj*^!l«!irortsiic^3t^^^t5-i±r. «3t^icfcMt^e 

— ffi)SA<1 X 1 o8 (W/cm2) Ja-t-eA^O/^ 

*oT. «lXMil!taa)WeiI(*^3t^i!ai|XlcJ;oT^Rfffl*) 
icftlSft^tt-Sc -©*D!5ftlCj;y*DX>i**!|a<7)rtai(zj§lfe 

HI*, flJX3^il!feifl>«illc?61ttAS>^l8T^3t^-l':^A^e.*1. 
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too 1 4] 9=j!iDX*^li. Aflxit^ 

"^-SBfijb^l X 1 o8 (W/cm2) JM±•CA^O/^';^Xl^S 

^W^^^-C >l-jttorftlXJttl!^<OI>?SBlcja«T5SA<^ 

■r ^ X H $ fin * c i ^ » St i -5 . 
[0 0 15] ^nwicffi-su— y'liDx^aicji^itt, ia 

X3^^4«!KDrtSlJIC«3t^S^t?-t±T. »3te^lcfctt^tr 
^^/<r7— X 1 o8 (W/'cm2) Ji^±■^?A^-^/^ 

•S. c:<DH^^a:^b^JgEi*±IBgS:St«JSt<o-ffj-^7fe^ro 

*jS6±*-a-*c:t!&<» u— y'jtax*<Rr«6i:'tf-5. w© 
u— |ftox:^,^(Dftji3*ft!B!ii: uri*, *r^x 

[OO 1 6] ±IB*S6lfllc0|*U— 9'iOX:&5*lcaffl-C 

i?'5ffi»i*WTOTjiyt?fc-&, u— 1f^t;JSJ{>^^tb*^**l 
[OO 1 7] *DX>ttSl«9<DWaJlC*3lfe^$^:hH±rU— 

U-1f3t^ft3tLTftlXSPt^45!)ro«S|l|c«3lfe^^&*:)-y- 
ru— tf3t*llW-r-5. c:+ncj;tuiu 

[00 1 8] tai.M^^(DP^mizm^^'&-^^i±X iy— 

^^-+P^^l)nx5fcf^!i?j<Di*)Smc«3t^$^t5-t+r«/j: 
■7— A^/jN $ L^jSiBisR ly—f^X' o r t aa-SJ^wj^BE 

A<pr«li:<i:*. «»a)U— lf3fclSJ!^^e.alS^$nfc*^- 



o x^ma>m^^^mmzmm-ri> c t ^^-c. 

Ad Xj$)S $ i6] i -1+ ^ C A^-e ^ -5) „ 

[OO 1 9] *DXS*^!|acDF«?§PlC-&:b*tl 
fcL/— tfiferoftjt^lCjbfLr. 5bOXS!ftl!t«!l^ffl3tt6<Jlc» 

*tfi<j^l()l=<fe y. J)DX>*^tl<?)«iB±(DtJ)BT^^7-f >^ 

o T*DX>!*^!te(7>rtSPlcB!iK«llS ^Jf^fiE L . 
[0 0 2 0] 5!tM«JSt^J^J?E-r<5XS«, ^W^^^'f 
VIC j» o T*PXJ**!|45 $lSOBr-r Xg^ffltx. * J; 7 
l=LT4.J:L^„ 5S^MISJitff$fiEX|ilrJ3C^r^)^XSt^!|a^ 
^BJf-e^^ftvii^, C<DtJ)KfXS(C,fciJ*DXj>f^4^^^ 
Bt^*. ^BrXSli. 5fcM«JlE^e^t LrJ!inx>Pt^!|a 
*SiJS<D-e, ib«W/b$/j:*T?J!iDX3t*!|j!i$^Bf-r-6c 
t*<t?^-5. cixicky. *nX)i^^4a<o«®ic^Bf^^ 

X«tl%|(CtjjB}A< pftg i: ^ . 
[O O 2 1 ] jtaX«Sl!K!li LT. Sa*t3ft2Sii; 

fci)„ CCD U— 9**0X^,^1*. 

xxi*a«/^^»->*<j^fi£iF*iTt^*Jnx«*!B8i=fiffl 

to O 2 2) *:SIB^(::^S U— tfJhDXiSiil*. i»iJS«:« 
■7— ffiffiA^I X 1 o8 (W/cm2) JilJi-eANO/^^UXilii 

t>i±X. m3t^lcfclt-5e-'>/^'7-SBi*A<1 X i 08 

(w/crti2) ii^±xi!)^^o/in.x^st)^^ u siaiTo^ft 

-CESM*K7)l^qa}lca!iH^lU$ffjfiE-^SX^^<ix.Sz 
.bS'^mi-r-S. c:it^>a)u— tfi)Dx:&ssic<fctLi*. Ji 
IB*fS?S<=fil«U— tfJDX^5Si:lpl»roa*(c*y, JO 
XSt^!t53<»S®lcjtS!li-^i^Bfi^^^ Cji-t-tifc^l^jes 
M^cSi|;h.*^^*-t+-i)Ci:^j<. U— 9'^iJitt)X)!)<ortl 
i^E-So ^flIDX:^allcJ3l^T. iOX^t 

^fkm<omzm^tiir\.t=.vm.om.m\zni^x. isix.n». 
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[002 3] *«B^ICfi6*L'-^filDI*^ICj3^^-C. « 

as* u— if jitA^ ?>«a-r s c ^ A<-e # * . 

[0024] *36IWI=«^ U— 9**01*^1*, 
[0 0 2 5] 

[00 2 6] uiT, ^m^n<D»mumMmm\z':>i^xm 

•So 

[0 0 2 7] tr^roi»iR(DA> K^-Vv:^EGJ:y 

<-r-&t n h v>EGa)^i«^ (n = 2. 3. 4. • • • 

tl^Oo /^iUX3K©«^. L/—«fjfeO!)5fiSttL/—»f 3(605 
*atj*i<De— ^/«r7-25)S (W/cm2) "CS^^y, 

^/^r?— X 1 08 (W/cm2) JMJifl) 

[00 2 8] C(D<k5<f^3t^qRJ|K*filffl-r-5:^s:||l|5}^ 
U— ^f*^X<OJ131IC•^L^Tl21 1 6 ^ffll^T 

UiW-r-S. s 1 liu— tfiox+rotoxjt^iiai o^PffiEl 
-c*y, H 2 1*0 1 i=*-r*Dxjit*!g8 1 CO I i-i IIS 

ic)ttofcBJf®l2l^fcy, Elsiiu— if*DX«a)*axs*^ 

1 (D^F®iilT7fcy , Bl4lill|3IC^-#-llDXSt^!ta 1 05 
I V - I V^IC;tiofclff®E-C^y, ia5l*E3lc^-r 
J!inX«tl!|ft1<7)V-V«ll=»ofcBfiBEt7i5y, S16I* 

[0029] E!1 RUt|2i2|c5if <fe^lc, ft]X>E*fl!^1 
©«®3lc(*«JBT^^^-f >5A^&i)o «}Bt^S^-<> 

— tfjnxi*. ^3t^i»iRA<*i;*lfe<*-cf*DXj**!|ai<o 



[00 30] U— tf3tL$^BT^^^-f >5(=mor 
(•r'5S;b%^tEPA:SfRllCjttoT) ffl**Mlc^lil$-t±SC 

cHicjiy, S3~ig5i=*f j:-5i=t&s«aa7 

A^tJUBrT^'^^'f > 5 lc;{ior*DXj*tl!fe| 1 
I^J^tsH^o **lSfif^fi8lc0^S u— ytt]X:^aS(*, liDX 
1 A« U— ifJt L ^BftJR-r -6 C i: IC * y JDXS*^!^ 

1 ^««^^F•a:r5RH««7^JgfiE-r«a)-cl*^^L^. Jox 

1 1C u— if it L $3|ja$-B-*DX>!!f^!|a 1 OWSPIr 
^3t^l»iRSfl*$-l*Ti5!lH^lU7^}^jSU-CL>^). J: 
o-C, *ax5^«i!|^1 ®«ffi3T?ttU— tf3fcL3&<l$tA/if 

5ai|Jl*^^3^f^^a)^?. Jtoxit*#ii <D«®3 3&<5ifSli-r'S>c 
tliJifi^o 

[003 1] *DXj!*tl!|ai fl)WBfilCfc^,^T. ^JBr-T-S® 

-C. 0 6lcn^t-J:5lctt»M/J\*/j:*"C«IX>!»Si!|ai ^ 
«)KTt''5C<t7b<t?^-i>„ J:oT. Jtinxj^^ita 1 ©Sffi 3 
lc:!^ie5'StC«iJ*t^fl* -fr-S C i: /j: < ftixji^^itel 1 <D«J 

[0 0 3 2] estM^i^^e^i: uytttixmiKKD 
tj}BTi*. ^R<7)-jiyA<#^f,tLS„ —oit. ikn^mm 

BEft, A0XS*^!B!llcA^B<J't»:*A<EPttl^FtL-5CtlcJ; 
y, i&»««$jejSitL-rJiDX*t*iHsA<fil+t. JnxM* 

!|«!l*<^KT^Ftti.«^-eife-5. CHI*. ■l5!lxlil)DXS*^!fei 

*^Si:li. 09^1*. *DX>i*Si!|a<D^Bi^^^-<>|cj0o 

r^Dx^^*!Kllcalf^6;^J■v>■l^^BfK;^J$Jlo^fcy. aix 

M^^icait^^ -^x. i, c ic<fc y ^ ^F-a-fc 

i:icj;y, *Sfi«$jB^t Lr*DX3ttSl<«!ia>Bf®:&l^ 

(Jis^isj) lcr^ilJ5»^ore«SlciIJ*t. isswicftixj^ft 

^l^x^^al«8©{5^*<*#t^«^. j?^?:&iRiic«i!kfl>5jia 
H^m-^t. tJ)w■rsfiRlTa)a®±lcfcL^T. ests^jgE 

QHSSP^I^^ Lfc«|J»fl)i^* fiJBT-r -S C t * i>fl> 

x/\%?a)i|iai<*'!7 x/\a)l5*i*ai< S«[Riicfe§<D 

[00 3 3] :^:3|^6^^ffi|cJ3L^T^3^c^F?Ri^XlcJ; 
y»JI5E$HS55lS««iLr, ?3?a) (1) ~ (3) *<& 

•So 

( 1 ) 3lJt««*<— 5XI*«S!lt©<7 ^ ^^t?<7 ^ 'V 
<7|il|S©Jft^U— tfjUfc^ftlXJtSlia («i^LI*#^X-V!>L 
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Jl3t^lC*}lt*aS?4e*<1 X 1 08 (W/cm2) 

BBttiLrii, m^itt X 1 0l2 (W/cm2) t7fc 
■5, /^^bX(ii(*fl»|x.lS 1 n s~2 O O n sA^W^Ut'', 

It. ^ 4 5 HI U-+P}!6JjOXW3S^i6 Aft (1 9 9 8^. 
1 2fl) (Dm2 3M~«2 8H© rHf*:u—tf-S5i8aE 

■S. 

[0 0 3 4] BS!t^St-J?^-y^7<©:fc^* 

(A) ttJXSt^!^ : /^-f 
(1S^F7 OO^fm) 

(B) U— 

3tellS : iti^i* U— tffiSeN d : Y A G U— y 
JRS : 1 O 6 4 n m 

I'—^^T.^v hmmm - a. i 4 x i o-ScmZ 
m^j&Lmm^: i ookhz 

/^^U;<.itB : 3 O n s 

IfataS : TEMOO 

(C) ftitfflUl^X 

(D) mT.MML<^iimm.tStl^VLS.-&<D^9A-&St : 1 O 
Omm/fS? 

[ o o 3 5 ] E 7 tt±IE3ISI(DfSm ^ ^-r -5^ 7 -r? 

•5. muit 1 /^juxrou— tfatjcj: ymxjtiiifeKDrtai 

■Sc -y^^^tDH^tL-e^-rT^— S»i*«3tfflu:>X (c) 

<©i$^A<1 OOfS. BBPic (NA) A<0. 8 0(DJi^7? 
X (C) a)f&*A«5 0». MQSC (NA) *<0. 5 50 



ii^t?&i)o e— oil (w/cm2) 

a*A^^>^JDxs!f^!lacDl^^aulc•^7^•>>7X/K•y h6<s§^ 

L. bf-^/<'7-S&S*«:^#</j:-Slc«6L>^^'y<7X7K 

[0 0 3 6] '^\Z. »fl)ax(cfctN 
•:7 7';/<7M«?^J56l:;<fe-5ioxj!tti#ia)«}Bfa»*r- 

XAic-5i\T08~Bi 1 sfflL^TSiBB-rSo lasics^ 

^3fe^«iiCl*<:tC*lfe#-p*PXS*^!^1 (Drt 
lHl|=ft3t^ P $-^:b1±T U— tf 3fe L $ilDX-fef 1 Icjfg 

^t^^JfS-efc-So ®9lc:S^^J;5lc-j7 7-;'-:7«J|l9^fi 
^i:Lr<7^'vi7A<^P,|cfi£«L. 0 1 O Ic^-^ J: ^ |c 
■j7^'vi?*^iJPX^>f#li^1(D«ffi3t^®2 llcilJiiiL. 
01 1 (C3i^-rJ:5lcttlXStlfciai *<fiJ*LSCi:J=<fcyjB 
xJtSi!|ai A^^ff^ti^o Jiax>tt^!ta<7)«®<t«®(cii) 

tl«alC**^EP*D^F+t5 CI t IC J: y -S:!^** 
[0 0 3 7] (2) ij!(Sl^l|t«f^Hl«&S«VieO«^ 

L/— tfit^iJOXj*^!K!l (^J;^l*v'j3>(Dcfca^t^^t*: 

X 1 o8 (W/cm2) JJlJ:■^?A^-^/<;^xe6t 1 
X< sJilTOlfeff^TRRSfr-6. C*L|cJ:yfl]X?t*!fe|<OW 

icj: yADX?t^!^<DrtSPlcj§ili«iS^JgE*tflgfiE$*i,<5„ 
Lfc«J|S<tt^5Ci:4,T?$^-5o o^y. ffllTLIf, 

«i3t*^f>i^asi«iti=iE'ibufciiJiE, *sga«)tA>c,^ 
t;#ssft«iis*^t.-«itK^^b Lf=««$si*-r -Bo *D 

KffitLTI*, 1 X 1 0l2 (W/cm2) uaE, 

/N°;UXitgl*^J^I* 1 n s ~2 O O n s A^Jf^Ll>o 
[0 0 3 8] *Sg|fl«l*. vy n^-^x/xropggp-ejgii 
«fta««A<^BE^?*t-5Ci:^3l^|cj;y«t^Lfco 31^ 

*#t*?»j^<DjSy-efe*, 

(A) tax-^fiim ■ i/y n^-i/i/x (ii$3 5 o//mi 

*t-S4-<>^) 

(B) U— »f 

3t3i : U— tfSlieN d : Y A G U-lf 

SEfi: : 1 O 6 4 n m 

U— yjtX^K^y hBJi®« . 3. 14xio-8cm2 
fiSflggI : QX-f -y^/^Jl/X 
«|y£Lll^«ft: 1 00 kHz 



(7) 



2002-192370 



y^JUX4i : 3 O n s 
ttlij : 20 ti J//<jUX 
U— IfJfeftS : TEMOO 

(C) 
f&*:5 0fS 
N A : O. 5 5 

U— »f3fejKfilcJ*-r-5Sia^ : 6 0/i—i2> h 
(D) ]!a)Xj^^!^A^«s$ti-i>StS^a>^!AiSJK : 1 o 
Omm/ll!> 

[ O O 3 9 ] la 1 2 l*±IB*#t?(0 tf ADXIC J: y ^ 

4x/=j8iii«i3fiJ$ia)Jl$:&iRio>:^#$ii i o o // m«j£ 

[ O O 4 O 3 1 3 f}^^ifb=f-<SSLWZ J: y J^JiE 

y ar^HteOJl^t A<5 O/im. lOO/im. 200// 
5 0 0|lm» 1 O O O // ma)#/7lC•Ol^T±8Bil^ 

[0041] ffj^l*. N d : Y A G U— +fa)jKft-C^5-5 
1 O 6 4 nmJzJStxT. 'J 3 >IStR<DJl«^J&< 5 O O // 
m JiATOJli^, V <J 3 >SlRtD(^SilT?l* U— +F3t*< 8 O 

i/M 1 OJg^FttS 5 0/i/mT?fcS<D-C. ^3tT9Rittl:: 
J:*»««ia«g«tt*>'j3>'>i/\fl)4ii>f5fi£, ^^y 
1 7 5//m(0eiI«^IC}^lie$tL^, Z<DJt^<D3l 
iS^I*. I5$2OO/im0)'>y3i/':7l/N^#3tlC-#-S 
9 0%lil±^j:<0T?, U— *fjt*^i/y 3>'>x/M 1 
<DW»-e«J|X$4l*©ttfi|A^-Cl5y, (Si:A/<!f*<aiia-r 
<5„ ccocirii. v''j3>'5x/M 1 an^ai-cu— tf* 

»5lS«il»6 6* (2 0 0 0^4fl) 0)m7 2H-'SS7 

3 MO re3«>/<ji.xL'— »ficj:Si/y 3>©jnix!Hrit 

[0 0 4 2] /d:Jb\ vy3>'>i/Mi. j§ii«iSfiJSE ^ 
fiJSii:Lt:B^ffi*l^^=lRlA^orl^J^^**^$1i■, ^-Otll 
ttA^v'J 3 >'t?x/\<OS®tSffilcSiat--5Ci:lcJ; 
y. j!SS6<llc^Bf*tt-&„ v'j3>':7i/\(D«®.>:S® 

SilJjiz * A<En Jio $H*Ctl=J:y J&Siir -S*^ t * 
-6, J^rfc. »Bl!«iS««A>e>«>'j3>';7x/N(D«iBtS 



Aix^»i|^a)i>3«fiici«itii«a3iliigl$}i$^-^««^. fiJBr 

[00 4 3] (3) 5itS««A<ia#r*gE'lbffi«a)Ji& 
U— 9*3(6 *iOXS**!|«s <DPimzm%^ 

*^t5i±r. ^3fe^icfcit^ms5i®AM X 1 08 (w 
/cm2) i^^-h^?i6^o/^;^;^l|lSA<1 n sJiiT©^#-cHg 

:¥^-*<f|ftit>;u=^r-lce<b#-ric. ttlX3*^!|«!)roWgPIC 
tt-f^^ffiStSE'lb. Jsga<bXI*5J-fiii3lRlSf©7lc!Blfl<))tt« 
)tSE1b]!i<£|je$HTa«f^i(g1b«g«;!><}|$filc^ti.-&. S3!t 
3Sfia)±l8ffitLTI±. «|jl«1 X 1 012 (w/c 
m2) f^)V7.^^\t.m7L\^^ n sWTA<*?*L 

<. 1 p sJaT)!)<5Fe>lc»^bt^. ^3tTqRi|XlcJ:-SS 
flf^lE<bSi«fl)}KfiE(*. -M^IS, Si4 2@U— ^fSftiQX 
WSS^HX* ( 1 9 9 7 ^. 1 1 ^) (omi o 5H~Sg 
1 1 IMO r37xA h8>U— +P— fiP,St(cJ;**f^xrtW 

[00 4 4] :*:^«5}^lil<DM«:ff!l^aftlB-r-5. 

oLNTiJiB^-rSo lai 4(*c<D:^5iiC'($ffl-ci?§u— 
ftixlSM 1 o ofl)aisSfl|fiEl2|-e&-5, i^—- yjdDX^a 1 

OOtt, U— yjtL^fSi^SU— tfatSRi O 1 

— y'jfc Lroai:^At>/^;uxtgs?^ iSfi|5-r -Sfctoic u— ifit 

S 1 O 1 ^ $)J{5p-r -i) L/—- tfitSifflPSP 1 O 2 <t . U— tf 
3t LOSStlitIS* L AVO Ix— tf 3t L fD3t$ftG)jRl ^ $ 9 
O' lt?LSJ:5ICiBe$*ifc4f-<^P-f v^5^— 1 O 
3i:. ^''-1'-?a-<'y<7 5^— 1 0 3T?J5St$tlfcU— tf 
3feL^*3fr-5m3fefflU>Xl 0 5i:. m3tfflU>Xl 

0 5 -CftJtSttfc U— tf 3fe L;!)<jK** $*l,Sl]DX3^^!Kl 1 
)!l«ftS$tt«tKSd 10 7^. mm.-^ 1 O 7 ^XU^lRl 
lc^i!l^F1+-Sfcto(0XttX^— iJl O 9i:. «6M-&10 

7 ^ x$iii:&[Riici£x-r-5 Y$ft:^iRiici©Ki*-fr§fc«>ro Y 
ttxx-i?i 1 1 1. KS'&i o7$xift&i;Y*ai:&rRi 

icitSE-r* z W^lSl(c^S!l$-&-6fc«)<©2ttx^— 1 

1 St. c:ti.p>Ho<D;^7^— i/1 09, 1 1 1 , 113 
©^»i^«tJW-rs;^7^-v5*!l?»«Pi 1 St, ^fflt^s. 

[0 0 4 5] Z«i:^[R||*j!lDX>tt^1^1(Dfc93<b:1§:3E-r 

**iRinf<D-e. Jtax«»!tai rcASfr-6u— y^Lro« 

^asSroi^inict'is-S. .fcor, zia;^^— i;i i s^z 
W*[^lc^i!i^Fl±-5c<tlc<fey> *DX^t^!feii©i^»iz 

CO«3tejj5iP(DX (Y) W^tRKD^Wltt. ilOX3^*«!l1 



(8) 



i^ia2 0 0 2-1 9237 0 



S-X (Y) v1 O 9 ( 1 1 1 ) y X (Y) 

$lii:^[6l|C^t(l^-t+^CtlCd;yfT5o X (Y) WXv^- 

i?io9 (111) 35<^«)¥fa:<D— wt**. 

[0 0 4 6] b— O 1 l*/^JUXU— +f3t^56^ 
-r-SNd : Y AGU— y'-Cfe-So U— 1 O 1 Icffl 
L>-5Ci:A«-e^-5U— +F<!: tT. CWffe. Nd : YVO 
Aiy—f. Nd : YLFU— ^f^^>^^t>■9-:7T-f'ru— 
Nd : YAGb— +P. Nd : YVO4L'— tf. N 

[0047] « 1 0!lT-liJ)PXj^^!t^ 1 (DtDJiiZ/OVX U 
L^TU— tfitliU— 1fbf— A^^t;jtl*T?fcSc *3feffl 
^IS©-«!-Ci5i.. *3llfcfflU>Xl 0 5*Z«|*|R||C^ 

[0048] u— tfinx^m oott$p,ic, 

0 7 lefts ^iifcflix^ftijj 1 *»r!B3te«iic* ypwr 

-6f=tf)ICprtg3t^^f|*t--Sffi^ffl3fe3Sl 1 7i:, ■S'^-f 
-^□-f 'V<7 5-7— 1 O 3&i;mifefflL/>Xl o5tmc 

3tWijti=iBa$*tfcnr«3itffla)e-Ax:^'j'>^t 1 1 9 

1 OSirO^raic^-f-^p-f -y-^S^— 1 03A<BBM*ti 
■Ct^*„ bi-AX:?^'^^! 1 1 91*, SS^^mom^^ 

mm^m^ i 7A^e>fe^LfcaI^Iit^9l*b:-A7>:/y 

-y^57-1 O 3at;*3tfflU>Xl 05 
^SliSL, *nx3^Sl!B!lia)«)Bfr^«^-f >5SP^^t?S 

ffi3^gBis-r-s„ 

[0049] U— tfiOX^Ml OOl** f>ic. e— AX 
1 1 9, 4f-f ^O'T 'y^7 5^— 1 03Ri;jR3t 

ffl 1^:^X1 o 5i:i5)i:3teW±iciea^tifcS«*^^i 2 
1 2 suffix. -So ti^*^ 1 2 1 tL 

X\t.iSi?LHC CD (charge — coupled d 
ev i ce) ^iJt^A^fc*, ^BRT^^^'f > 5 ^^^t? 
«®3^fiBB^Lfc»r«3flclSa)JESt3tli. *3lfefflL/>Xl 

0 5. yi''i;D-(''y5'£^— 1 03, t*— Ax:/y<yS' 

1 1 9^2|jaL, lsg«u>xi 2 3-e<!S^$tLrs^t* 

[0 0 5 0] u— yiox^si ooi**f>ic. 

^ffliafilJI 2 5i:, U— ifillX^gl 0 0^tt:SfiJffl|-#- 
■5^«J«<^ai1 2 7t, =E-^ 1 29t. ^fltx.*, li 



JflcilSl 1 7T-f§^LfcHI^g3tfl)^^*<S®3±(C'&t?-& 

urxT^-vfttiWi 1 5A<z$ax^-vi 1 s^^ii 

«lJffll-r'5)Ci:(CJ;y, BI*Iifctf)^i^A<SiB3lc-&d 
icf^o J: or. ji^T^— Sasap 1 2 5(*:i— h7:^- 
SiJi 2 5(*, 5'$»ieLTa®3a)*£:*;lii1t^ 

1 2 7iciafec>4x, ±(**j»a5r«-a«iaA<^f*4x, =&- 

^» 1 2 gizaiCjti-So c:ti.i=J:y. =E— ^» 1 2 9 

[0051] ±wmm^ 1 2 7 {zit. x5^-v$))fflisp 1 

1 5A^^>(DT=— SifiiSSUl 2 5ANC>a)i®^ 

0 2, mmm%m^ ^ iRxfx^—'jmmB 

1 1 s^Mftp-T'Sctlc^y, u— ifioxgai oo:^ 

[ O O 5 2 ] ;j>jtc. El 1 4 RlSm 1 5 ^ fflL%r , :*:||J6 
JK^wmi^icfil'Su— »f*nx:&5i$ljiB^-r-S. Si 5 

I*. CKDU— tfi)DX:^5£^ittB^-r-Sfc«><D7a-5^-^- 

h-ea&i>. ioxj*ai!iai (*>>y ziiz-^i/N-efc-s. 
[0 0 5 31 *-r, *nxs+ti%)i fljjt^icn^tt^ig^L 

L^aSftOU— ?f3teL*l6^-r-&U-1f3fe3Sl O 1 *jg^ 

■Ti) (SI 0 1) o mz. *ox^t^i^i roji^^iw^-r 
ii^©sii^«ss&i;*nx>i*ii!fei 1 <Da»f*.*sic u 
*nx>tt*:tei ©ziS^iRKO^Wifi^stS-r-S (SI 

0 3) „ zttii, u— tf3tL(7)m3t^PA<iaxi**iteii 
(DrtSuictig^-B-^fctoic, Jbpxjt^itai ro«®3(cii 

a-r -5 U-1f3tLO)^3t Mi LfcJlOX*tgl!fe| 1 <D 

z$A:^i$i<;)i^!(iS-eife^. c<o^niS$±f«$ijifii«|{ i 2 

7l=A**tLS„ 

C0054] Anxst^ifeii Hf*PX^ai 00(Dft 

@^ 1 o 7 icfta-r*, -eLT, iK^rajt^i i7A>f> 

Wffi3ft*fe*3F1±T»IX«Sl!|ai SBSW^S (S 1 O 

<D^m3^mmm'i'^ 2 1 icj:y««-r-s= cob^t^ 
i=»-:Jt^r««!¥-^' fflsat 1 2 5 i*a«ffl^3s 1 

1 7(DpI«jt<D«^A««®3lcmS-r-S<k5«:ill5jSiT^- 
^$;1S^-r-i> (S 1 0 7) o 

[00 5 5] C<DjlK^5^— ^<l*X7^— vWSPl 1 5\Z 

3ai?,*i*, x7^-?;iMittaji 1 5ii, z<Dm^'f-9^ 

SicLTzifiXT^— vi 1 3$^zifi^rrS)0)^i!i*-t+?) 
(SI 0 9) , z.ti{zjzi). wmmtftm-i Ma^sfm^ 
a>mjjij!i<a®3ici4a^-5. ^jis, a«7=— srjftsem 

2 5 itm^f-'St lc«•:^t^r> ^Bff^Jt^ 1^ 5 t? 



(9) 



#B|2 0 0 2-1 9 2 370 



[0 0 5 6] ^^i^um^^ znzit'^thXT-yzfs i o 
3-e!?i^$ti/=^l!ifi-r-'5iA<A***irfcy. C<Z)^ 
BftfiT*— f 1 5lCT3ie>*li), Xir— 

1 3icc>:y»ii»^!tai ^zw:siRiic^i(i 

(S 1 1 1) . 

[00 5 7] JJJIC. U— +f3t;H O 1 *%f>L'— -tfJtL^ 

^-f >5lc;tJ9<t3i::xtax^— v1 O 9•¥>Ytt:^T— 
i?1 1 1 ^^i!i*-t±r. ;T&ife«vs«JgE^^Bff^-^^-f > 
5l=jft5<fc-5l=tox«fiiai ©wapicj^BK-t* (SI 1 
3) . ftix5tt#it)i ^^Bfi^^^-OSIcjiJo 

rtt«f«>ci(cj;y. ftixjttil^ 1 ^ «BJi-r-5 (s i i 
5) , c*ifc<fcy, fl]X3*Si«8i ^v'J^>^'v:?(c^J• 
t!lf 

[0 0 5 8] »1 WOJaa^SiB^-r-So CtL(Cj;*l,lS, 

^3it^®iR^ec$-e^lSi:#-eAN-pjnxj!t#i!|^ i owsu 

^'>5ICjtgS^LrL^.?)„ -tUT. X$|llX-7^— i;i O 9-\^ 
Y$iS;?.^-vl 1 1 ^^i!i*-fr§ci:ic<):y. mjt^P 

miai ©rtfflllcj^jjgUTt^^o ft]X?t^!^<D^Bf-r-5fi 
m«=Mt,A^<De^Atife-5<k. iJDX«^!Ka^ht«£fl<j/h$'Jf 

mi^t LT^Bf^^^-OSIcjtioTiDXj^^^ll 
^Ctl-J;y, itfeifi*j/h$/j:*T5iiox>!t^!^l ^^Bff-r 
■SCi:*<-^^^. C*t|cj:y, Jrax^t^:^ 1 (D*ffi 3 ic 

C t JtE < *nx?*gl!^ 1 ^^BJf-r-5Ci:3&<-e^i>„ 
[0 0 5 9] ^fc, ^1«(C*tll*. *nX)it^!^1 IC^ 
3lfe^?Ri|R^fiC*■^■§^^^^T•A^oJ)DXi^^!t^ 1 (DWSPIc 

St^ifel^SiaU. iinx^*^!fel (D^®3-CI*/^iUXU 

[0 0 6 0] JaJiiJiB^LfcJ:5l::*H?9lcJ:tLtf. *nx 
1 ©ass 3 lc«]»r^^^ -f > 5 A^ f,*1-*tfc:i^ie5.S 
J&liJtt-V>»iSt*<^ i: <5 C i: /j: < . ftlX JtSi«!i 1 * ^Wf 



fc=Fi2«S^JfiJtt^?SiJ!A<^ C -5 C t /j: < , -v.^ 

/<^»-l')6<5^$^«^FHT^^-&*Dx5^^!fel•v>, masT't'x 
^m\z'm.=f-'f/U x7!»^j^fiE**ir l^•g)^^DxJ^^!^lc■^L^ 

*«)l8r-r^Ctlc.fcyf^Sli$;tx-5SS!a (^5!lx.l*^ti3H*^ 
^ y ^ lRj± $ -5 c <t: A<T* ^ -5 , 

[006 1] *fc, mi #113*4x1*, m■T.nn.m^(o^ 

®3<7)^Bi^^5-1'>5li;-§itL^Jt>(D-e. tjJBf^^^ 
■5, 

[GO 6 2] ^fc. B 1 ffllC J;*l,(*. *DXj^^!|a 1 (0^ 

fflL^fc^r-f v><?^<fe y t«*t<fttixA<Di#gt^c^c 
*t COSH)* tts^icgjiw-r * . 

[0 0 6 3]7tfJb\ L^— tf3t;JS(*— o|rKf>-r«IS-e=t 

SfiJ^SI®® 1 U— yAax:^^^!^^^^--?.*!!^^ 
■C?i5)<5o CttI*. =-3<DU— tf3t3® 1 5. 17, 1 9*^ 

3fcJap^^t?■l±rM3^^s::5lRlA^^l^gi^LTL^s, i^— +f 

3lfe35 15. 17ANe)<0'& U— JflfcliJjDXJt *!|» 1 
3A^P>ASt■r■5o U— tFJtail 9A^^><7)L/— tPifelittJX 

P»(DSEblcJ:y*3fefflU>XA</d:<rt 

ff5-CI* = 0<7)U— 9=3teai1 5. 1 7, 1 9lcj;y*3t^ 
P^^^fi£LrL^-SA^ :*:flWttc:*tlcK^^FH-r U— if 

[0 0 6 4] El SliU— tf3fe;JSA<«iatl3S3lt-i):*:3Sli6 

j^jsom 1 m\~%^m(i> u-if ftix:^j£i&iftifl-r *«i3C 

E-^fe-Sc -(DffHI*, «iS(DU— »f3tjJS2 3A<^Bff^^ 
5 icjtJor— 5iJJciBa$*ifc = -:30)T U-f 3t;lS3|J 
25. 27. 2 9$|»^Tl^*o TU-f3tjlifflJ2 5. 2 

7. 2 9a)'S•>^rlcJ3L^•rl^l:5lJ^ciBS^F*^.^•=U— tf3fciii 
2 3)!l^i^,thSt^?4^fc^— tf3tA^-o<om3t^ (^^li^ 

5IC}ftoT«j8!ta)«JfciSiPi, P2. • • • *l^^lcJ^J« 



(10) 



WBB2 0 0 2-1 9 2 37 O 



[0065] [|g2W JJ^IC. *|Stfiff$^C0m2fii»||C-D 

[0 0 6 6] IS2e!||C0gS^Bfgai*. igii4ic*-ru 

— -Viipx^ssi oojti^Bii 9, ig2oic^-rsg*"^e> 

h (7-rJUi») 3 3l=«^#$i^■cL^^, ::oD'5x/\ 

*>— h 3 314. SMM=¥-f?ii/\3 1 -SftOOffiA^ 

LN*. 't^i/xe^— h3 3i4. •y-i/::^ib/njuy3 5ic«t» 

^■tJi/NSitt. @1 9lC3i*+L-SJ;5lc. ^Ic^jBt^J^ 
SI^=ti*^!S11<7)BE^7'/W:^5^'v::^3 7 $^#^■^?L^ 
■5, #£EaT/WX^'y:^3 7l*lilKaJ3 9^*LrLN 
<6o C<D0Kai3 9l4. BESmT-'5x/\3 10affilc«• 
ES^*/W;^^•y::''3 7fe(cJK)S^F*>.T*jy. mm^^ 
HlBSgPS 9C0|yilcl4Bf^<7)[yil®a (8 0//mlig) A<P 
J?e^FtiTU>-5. )iffc\ 132014. BEm*T-'>x/\3 1 ro 

Co o 6 7) El 2 1 (cS-:Jt^T. m2^|c{lS3te 

2l®tt*f**©«IBf:^^lc-^t^rijiB^■r-5o *-r. ^BrS* 

si*tJ^tJS:*3tSiatt*t« (m2««icfcLxTi*. l i t 

^t-'S (S20 1) „ 3fei»jix!i$i4i*. ^%^mn^^m 

u— tfjtjgi o 1 ^s^-r-s (s 2 o 3) „ mzmizts 

t^-CI4. O 6 4 n m-efe-5/<;UXJS (P 

W) SOYAGU— if*<a^5F*1.TL>S, ;ia)YAGL' 

—■ /^iux<D^yigLiajffiiSA<2 OH zT?fey. /\* 

iUX(liA^6 n s-Cfey. /<;UXX:}!.^U4f(43 O O // J 
[00 6 8] ^Julr. ^Bf>I^^*tiN^<DI13F^;•Bl|S-r■5> (S 

2 0 5) . mmMnLmu<Dm$i>m^^ti^t. ^<Dm 

a)WWl::<4a-r*<fc5lc. U— tf3lfeL(D3ttt*FRllcfclt 

-1f3feLfl)*3t^<D|E(aS (^iftS) (S 2 

0 7) . U— tf3tL©JI3tMi<Dl6fitS (^»fi) I*. ^ 



[0 0 6 9] BI2 2|C*$tl-6J;5lc. mSOL/— tf^ 
^3fe^Qro<iSJ:y4,^ISrS!ftl«3|i4 (I±a*^=^':7x/N3 

1) (D^mn'^^m'^tz^izikm.-t^^oizts^. ^ts 

1 3 0)^i6gx^Bf5^^«*4(»sST;^=3^fgi 
ou— tFjtLa>^3t^i&ift«j ttNdBnfigA<Jiity2:':>c: 
tlCJti:?.. U— tfStLOjRSIfe^iOlS^ta (i^lftfi) I*. 
±5fiLf-IBM (^l»r>i*^4**4cDJ*S:ai/a*f*) ifS^iS 

uria^i?+ts. ^-o^. x-Y-z«ixTr— 

JfiJBfillCj3t\ri4. XttXT^— iJl0 9. Y«X^— V 
1 1 1 Rt^zWXT^— *?l 1 3JzJ:y«fig$ti-6) Jilc 
iBS^^XfcSja^ 1 O 7lcStLT't7x/\v— h 3 3 left 

»*tLfc«)BiMa«i^$»s-r-s (S2 0 9) . mmm 
stLT. tiistLfcat*«Bf«*«3Bi=!iaat-#--5. 

r. mmm^-i 2 1 -^?0)S^S■i!S*l=«-:^L^T. b— tf3fe 
L<D*3fc^*<^Brj^^«i^(DSffi-hlc<4af ■& J: 5 ic Z 
ttXx-i?i 1 3*«l!i$-B-T:7*-*Xi«S*fT5 
(S2 1 1) . cc-ei*. fiSfflJfesSi 1 7lCj:or» 

C>tL-5l±Sm^':7x/\3 1 ro^ffiS^^t^ 1 2 

iicj:yji«L. casein 2 5A<. ««jsg» 

ics-:5ixT. a^fflstagi 1 7*^p,{tlS^$^^fc3tA<«Iw^ 

3*^*ti^(D^®±T?^^$«.r><fcdlczttiX7^— iJl 1 
3{0^1!)i4M$s*l^L. Xt^— v*i|(SPfflll 1 5lcdi;^-r 

•So x5"— 1 614. mm'f—'S'mmut 2 5 

*^e>a)aJ*{i#l=S•:^L^T. ZttX^^— i5l 1 30>^m 
fiSA*. ffi^fflitjlil 1 7A%f,aiSt*+Lfc3t*<^Br$*il 

5<l:5lcZ$iXT^— i?1 1 3^«««i-r*. 

[0 0 7 O] SS^ffl3t3Sl 1 7A^^,alS^^tLfc3feCD7 5^- 
-*XlHSI*<ilS+?4i:. U— tf3tLO)«3t^^^»fj^^ 

(S2 1 3) , zc-c?l4. «]Bf3t**rJftfl)Jl$&i;il8f 

f=ltZ$tX^— v1 1 3^ b— tf3tL<DJfe*4:^lRllC^lii 

SFit-Sctaic. 2 7*<XT--v;*ij»aJi 1 

5icai*«#$2iy. aj*<ni-*sitfcx^-i?*jp«ii 

1 1 5*<Z|ftX7^— yi 1 3(D^iil<4E^*lJffll-r-5„ -h 
i2l«Lfc<fc3!c. ^BrJt^*t*4a)Jl$Rt;H»T^I=mL 
r * b— 9=3t L <C^3t ^oaEliS^J-Zi It Z $ihx 

ieS)!)<^7-r-& (S 2 1 5) „ 

[007 1] \y—*f^\-(Dnk^Aa)mm>ttn!.^n<D^m 
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T^— i?i 0 9S.i;yWxt— vi 1 ^^^Wim^ (s 

2 17) , U— i^'JteJSl O 1 ANf,ailt**lfcU— (fjUfcL 

»(DEm^/Wx^':/::''3 7$^JSfr-Sfcto(c. BS^-r 

•sHKss 3 9 ©ifflicigfiE* tifcfa^ic u— If 3te L amm 

^-^1 1 2 9-C«igL'ttA<e>L/— 9*jtL36<ifKSt*ti-5;i 

[0 0 7 2] cct?. mmytiMi^mizmmtsti^iy—*f 

JfeLtt. *3lfefflU>Xl 0 5|Zj:y. B12 2|Cg%$*i-& 
l±m^^'!7i/\3 1 ro«ffi (U— tfjfeLA^A*t 
■r-Sffi) lc}»JiE$*tfc@l^fiP3 9ICU— y'JtLA^jfgSt^ 
*t3S:t^flffi-(?«3te C<DJ:5IC. lHlKfiP3 9»CU 

tiCcfcy. U— tf3tLA<|5iB§ai3 9lcAW-r-?>ro^E6C 
IS1B8SP3 9$U— tf3tLj!»xt.«a-r-5ci: 

[007 3] u— tfjifeaii o 1 7^)^^,tB$^$tlt=^— »fit 
cwmateMiPI-Jsit^U— tf3tL©Jc 

<DI±m^T-0x/\3 1 ©l^qgP(cfc(+?)ft3t;SPRl/^-<D 
iftftO««*-lc«a/Kd:'>^-y^^«JgE9*<}^B£$*l-5o CWi: 
«IBfStSl«-« (Ea^T-^x/NS 1) ©aiii&t^S 

lO O 7 4] 0 2 3~0 2 7 |CS-:5L^T. U— if 

3t L ©mafeMi S^Kl * 1±T ^ ^ <7 ^ Jf^ fiE-r ^ ^ 1= o L N 

riiiQ^t-^. 02 3ic^$tt<&i8iS:^f«:)^«(a>^»T>^it 

u^^Wf-ScirlcJcy, 02 4S.t;02 5|c^$ti-g. 
J:5rc, «JI8r?*Sl*r«3 2fl)WaHCfcMt-5«3t^&l^-t 
<Dja^©i^lc1«/jN/d:->5>v-:'^JgE9A<fl^fiE^FtL^, * 
fc, U— tf3tL<D^^^A<U-1f^L<DJfe«llc35^-r-5 
«JBritft*tit*3 2<DS^*lfilDlC^lftt--5<fc5Jc, U- 
■tf 3fc L <© jtg fc-S lM*^IBr*fSlttJl4 3 2 ©^l!)jb<1|KHlp * 

loo 7 5] U— if3ft3i1 O 1 A^^>liL/— -tfjtLA</^>U 

«IHf«Sl«*f3 2«)»lb^t70fc«$, 'i7^<V^««9 

I*. 02 5(c^^^x?)<k5l::s «BT>Pf^*tJl^3 2(©ft# 

:&rRi D icjtto-c u— tf 3t L«)^itjiJSfc.6t>i*«BSf>tt#i 

*rJ^ 3 2 <D»lft2SI:im LfcffflPH^* LT«ia©^? ^ 



^SjSitife-5LMi^BT>i*^*fj^3 2ro^jeij$)t^ii<-r 

Scii:lc«fey. 0 2 6lc*5F*t.SJ;5lc. -^^ v-^^liJ 
9W<DWIB8*fe< LT. f^^^ix^^y'jv^W^QnlSi 

iSfc-S lMit:5Sf**^«*4<7)^itiSS^ MlcS < f -5) z t 
icj;y. 02 7ic^^ti-5)J;5ic. ':7^-y<7^iiE9 6^ 
U— »f3lfeLa)jt«:&lRlfc-6t^l*«lBr3tSl*rJ^3 2<D^1) 
:^IR|. f +f3tLrom3t^<7)^l!i:^[fi)|c;tior 

jnt L <D<ft y £ y^m^WLiSLis^m^^iMm 3 2 ( x ^ 

[0 0 7 6] JiMELfcR/raO^ef/^^'— >lC;tioT^7^ 
•y'>«J|l9A<J^J5E^F*t^i (S2 1 9) . i^mify^ti^ 
mXttSJ^^IbSllc J: y ^»f3Rt^$^*4W. ^\z^ 7 <7 
««9A<J^J5E$*l,fcSPi^l=lCij*^i:^F-t±T. «IBfitft 

«9*<jg«$*i,fcias-c^BT-r-s (S22 1) . 

[00 7 7] 02 8~03 2^#R8UT, mmVi 

ffiJtaiz .fc S^Bf >^^*t!^a)^BiTic o L^r fitter -r -5 o 

^■r. RlTli<D^»r/^5' — >lc;tioT:-?^«y-j7^JgE9*<}e 
«$*Lfc«BrJ^Sl*t« (ES3ST'!7x/N3 1 ) 1*. 
:^JU7hJU^3 5lzgfe}^^tlfc't7x/\v— h3 3(C^l#$ 

a**t«i»ll7K>j^ (0*1*-r) . *nBE--KiU3 6 

(fli±Si5«-) . ttitt--K;u3 e^^Ki^-a-^fctorouD 

BE-— KiUigi6#l£ (0^-a-r) ^^^Lrt^-5)o IBS. 

X— ^t^fflLN^CirA^-C^-S. J&te. 02 8~03 2(C 
fct^Tli. ls]ESg|53 9(D05t^*BSLTl'>-l>o 
[0 0 7 8] ffiam^^-^x/NS 1 Tb^^BrSMliffig^ii 
•Si. 02 8lc^$ti-i»J:5lc. ^Jjat-rSEaT^/^-fx 
:/3 7 iCj^SS-r-SeaiCflRll^-W-!^ 3 4 $il£-:Jlt 

:^3 7 iciS^t, L < (*^IS*-a-fcttgg-ci!Rll7K>::^gS 
*fpl(l$1**wi:lcj;y, 02 9lc5^**iSJ;3lc. 

3 4lc^J-ai-r-5Eaf'/^'l'X^'y:^3 7 (E 
a^^-t/x/xsi) ^iR«^F-li--5o qR?l^-v>y-> 3 4IC 

1) ^flR*S-«+-St. 03 0«c^$tl-6J:3lc. 
h 3 3roai® (ES^^Ox/NS 1 

■r-5<4«lcfl]I±-- K;U3 6 
[0 0 7 9] JtalE— —KiU 3 6 A<';7x/\v—h 3 3©S 
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6icj;yEm*^':/x/\3 1 ^znm^'^i>lt^tl^wuat^H 

lEa^^'>x/\3 1 <7)«®Xt;^®*T?BE*-r-SCi:lc 
J:y, BE^^^-^x/xS 1 I*, 1113 1 \Z7F$ti^i:o 
IC. »«-r*E«T*/WX^«y:^3 7©4SiaJICi3LxT«J 
Bt*+LT. ffm7'/^-rx^'V3^3 7A<l±«^-T-'t7x/\3 

1 A^'b»SI^F^^■5::i:lc^^^. /jrfc, ':7x/\v-h3 3 

[0 0 8 0] ES'r/^'f X=f •y:^3 7 A<l±m*^'!7x/\ 
3 1 A^f>iJgl$H-5tiR§l^-V'V^3 42fei;jml±--K 
jU3 6 ^-^x/Ni/— h 3 3 *xe.K*LS*|Sj|c^l(l$-t± 
•So 3 4Rt;j!lPl±-— K;U3 6A<^S(l-r S 

3 4fC®SLTL^§<D-e. B13 2|C^$+i,^>J;3IZ, 

x/\>>-h3 3*xe,«$ti.§ci:i::*S„ H 
— ^03 2'4j^HiB:*rSii-3iy, ^>Si^*iT?a?i5^A-v 

>3 4lce6®LTLx-6EESx/^'r';^^'y::^3 7i:. -^x 
/Ni/^h 3 3lc«»3FtlTLx-5Ea^T':7x/N3 1 (S 

C t -e^Br^* Ji $ tifca«^/ W 3 7 St^ES 

T. ■57^'><7«JgE9^l5Efi$-|±T^BfS*Sl«**^^Bi-r 

[008 1] m2fiiiici3LNri*. m^mi^ 

^, 3tSiiai41*^<©Weillcfclt-&^3t^&u:-?-a)iftfi|(D 
W=»/b'te^/^»y^7«Jj89A^}^^SF*i:5. ^-ur. JgfiE 
^? tifc ^ <y <7 fi« 9 <7){4S»c T 3tSjatt«*4 A<«JBi ^ 

> y -5 1 ^ i**tii^^ ® -e (D ^ ti A<f6±-r -s pj «^tt 
tc<?'7"j<7iSi^9iz}^^x^mt^i>(ox. mm<o:^f^ 



tA^Bllgi'tfS, CtiP,a)*SS. SS2«!lirJ:*L«, 
T®aS.oa«J|c3tSait*tiNt* «)BT-r i> C <k A<T?# 

■So 

[0 0 8 2] ^fc. !K!iilfl*)n:^Hi»0X(*^^^'lbl?lcj: 

y«iBfJ***tS4i*ncjs**^i:*-i±-5c:ticj:y. 

tixfz'?'yy^mm.9^fS.^$itx9tmmitmm (ee« 

m^-^x/NSI) ^«)B3T-r^(D-e. mfS.^ixtz<7^'y<7 

[0 0 8 3] ttllE-— K;U3 6$fflLxT3l62ljait 

*t*4 (I±m^^'l7x/N3 1 ) Ic/S^l^An^-SChJCJ; 
y. ■?^'y&«ilU9$gtft$-B-X3teSjatt*f*4^^WfL 
Ttxi>fl)T?. ?^fiE$*lfc^^'y9liJi89<OiaS(CTjtS 
iatt*t*4^ J; y -^«S3llc^Bf-r ■!) CI t A<-T? # .5 o 

[0 0 8 4] «»(DlH]KS|l3 9A<}f$J$^FHfcE« 

*T'!7x/\3 1 (3tS®tt««4) *=&l±Sir/Wx^v- 
:/3 7Slc«)iSf«>8|-r-6«^. jii3«6fflU>Xl OSIcJ: 

y. mmr^m^f^^i3 9a)mzmm^titzmmizmtiO 
mmsQomizmm^ixtz^moiiLmizui^x. Esm 

^-tyi/NS 1 ^5t*|-^»i-r-5-<tA<T?#.So 
[008 5] *fc. 3tSiait*rJ^ (EES^^-t^x/NS 

1) <D«afc-5twiu— yateL^jfeauT^jt^^u- 
:;5ifiiic;tJorai^6<)icj^j3E$ti-6ctic^fy. «iis<d:^ 

[0 0 8 6] m2^lJ(CfcLxr(*. S§glt»(*AM5t 

Ci:A<T?^-S>o 
[0 0 8 7] m2 0lJ|Cfct^rl*. cSRSP (.-y =7 V 

fclti,^U-Kfl)W^».tt. 3Si^«)S^<DPo^SA<*i:-S)C 

(c;ft o r . 3tSjatt*t*4 ^ tj))BS-r -5 C t A<BI«g-e 35) § o 
2f:SIB^(*, flKELf=«2^|c©^^Ftt-5t<©-C:l*/j:<, 

fct jLtf. 3teaia'tt*r<*»*ffa*^'5x/N3 1 icise,tL 

ite#i4icj[t)^LTii:ts»?wtgi?fci.o m2 0«ic 
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•So 

[0088] U— +f*OXgai OOlCfcU^T, Z 

rpnc^a!)$-y--6z t ic J; y :7:j— *xiafi*fT5 <t 5 ic 

[0 0 8 9] *fc, ly— tfftlXjgSl OOICj3L^r, fiff 

IC Lfc A<o T*«-r « «k 5 1= L T 4, J: t^. 

[0 0 9 03 qs?l^ w-i? 3 4(c|±B*^=^'t;x/\ 

*i4C:i:!&<. DDEE-— K;U3 6lcJ:yEa*^';7x/\ 

:>'3 7 SqR§l5^^'y^» 3 4ICK«^F-|*SJ:5lCLTt J; 
t^. tj:n. ?ft?l^-v:/<7 3 4lcmaslT^'t;i/\3 l *?ft 
m^ittcmz^ IBS.-- KiU3 6(cJ:yEa*T':7i/N 

3 1 ^^gr-r-SZi:lc<fciJ, tjjgf^i-Sl^^xfclEmT^/W 
X^'y:/3 7<DS®A<?RllT-\i"V^ 3 4lzrS*5*i,SC 

[O O 9 1 ] ««*^ 1 2 1 t L-C*M-ISffl(Dt 

o^^fflt^■Sc:<!:lcJ:y. u— y'JtLfljjR^tafc^ipJfflLr 

•7;*— AXPS^ffactA^Tf^S, CflJli^lCtt. 5f 
>f ^p^.y<7 S^— 1 O 3$^fflLNS«t)yi=/\— :7 5^ 

— ^^fflt^. ccD/\— iru— tfafejsi o 1 iroPei 
mm^fTotztbo iy—>f% L ic J: y ^mmmmm\z'^^ 

1 o 1 A^^>fiBtf$^^■5^— »f3tL<DtiJ*l±. 

[CO 9 2] m2«!l<Da^*%P,*S|BJ0)!»$fillSJaTlClji 

wrSo 

[0 0 9 3] :$:fSWlc«'&j^Siai£^l40>«)lfr^^lA. 



af-ctt, aHSw^«xg^=fcL^T. u— tfjfeoJiat^A^ 
'icy. 5isa*<ffitoT<£<. •sf'fvv^/m, ^^-^e^-^f 

So c:^xt,a)$gs. *flB^lc<k*iiS, MtoTSSJLojfi 
tJJ lc3feSiat£1^*4 ^ ^Bff -r S C i: Tb^T' ^ S o 
10 0 9 4] 3t!:flWlc«S3teSiatt«il4cO«)BT:^ 

K^-f ^^P-bx-fb^l^lg-rScirA^TJ^So 
[GO 9 5] ^fc. **B^lC^S3tSii®tt*ti^05^»T:& 

K * 5« IC J: S 'f V ^ic tJ 1+ S ^ U— K(C it^(.tt . 

[CO 9 6] 3tSjl14*ti|s*ICl*. «iSOD|llgSg|IA< 

M-^iXXn^). 3^Mm5J^ExSl::J3t^T. BSft^SE 

icii. B!n*-rsiiiteSP<7)iBucf{$m$4xfcfai«<Deai^fc 

[DO 9 71 ^fc. 3^HSl5^f$^iExSIC^SL^■C, StiSifitt 
9=3t$j^Stf S«^(c, EBSSPlc u— tf jltA< 

L^o C<DJ:5IC. 5fcaSllPfiKxalcj3L^T. 3feafiSt£*t 

*^^F;h.^^L^^IST?^— tf3fe^«3ife-rsciicj:y. u- 

u— tf 3t A> e> fta-r s c i: ^ s . 

CO 0 9 8] ^fc. 3!t^aP^KJ^!cXalCfcL^T, 

u— tf jfecDifeW 1 35#-r s ;^i6nc^a!i -y- s c i: ic 
Sc:tA<»^LL^o c:a)J:5lc. ^HSPJgjSxajcfct^ 
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[0 0 9 9] :f:|&l»lc^^%Siai£:t^440>^ir^,'£ld:. 

(o 1 o o] *fieBtc^s3taiatt*r*4©«ji!Jr:&,^-c? 

tti6<lRJ±L. «IBr*lnl©«l»*§SI=fT5Ci:*<-C# 

A<piilt3fe-5c c*tfea)««, *«6Wic,kHi*. ffi*r 
[0101] :*:feBBlc^i,3fcaiiflii*t*4fl)«)Br:& 

[0 1 0 2] *f6B«lC^-S3tSiait«*40^HT3^ 
gfelcfcl^Ttt, -J? ^ (DJB^*< U^lf 3t ic J: Sl^jtltt 
ttlX|CTSIS**l4f=«). fit3fe©tt«<DJ:5lc5r^'V=E 

<k 5 lc>> ^ ©J^JiE*<U— tfjtic J:*^NS^ttllOXIcr 

Siai4«*4$«) y ft < J: ^ jES^JBt/ - o r . 3t 
2iatttt« $ «llBr-r -5 C i: A< Riflg-e a& s , 
[0 1 0 3] «)BTXalCfcL^T. J^fiE^ilfc^^ 

i8T-r-5wi:icj:y. flgRE*4xfc-i7^ -y^cDiaeic-cjtai 



[O 1 0 4] *fc. «IBfXSlcj3txr, JPESPW^ffl 
l\ 3taiiait«i|6HciC;*^jDx.-5Ci;(cj:y, <7^'y'^ 

iatt*ti|!4lcjS^3*J!jDx.-5C<blcJ:y. ■i7^-y^7$J«fi* 

•frrife2j&it*ti^*^i!fi-r-5iiticj:y, 'i/^-y'zroii 

[O 1 O 5] *:filMlc«-53tSiitt^**40t;]B5T^MI*, 
•5. 

[o 1 o 6] :$:|IIP^I=^-&%Siai£^3^(0^B}T^11-e 

I*. iSLmwzM-Dxmm^ti^ox. mm<D-^^^^^ 

^fc, ^^■V=B>h't)y'5i\zjzh^-i^^:^^{zttLX. 

[o 1 o7]^fc. :^mmzm^!ftmmii.$tm(ommm 

a)fR«H*ih©fc«)a)ffl»i!t*7K*<^Si:*y. «Ii8fXfi 

[o 1 o8] **B^ica6^jtsiait***4fl5tjji}f^ 

aiC LNT I*. *H«PA< U-1f 3t (C J; i, jbOX |C T 
fiE*<0SEfff(DJ:5U'r-f-\'^> K*'y 

SP)!i<L/— 9»Jtlc<tSlNSIttl)nxizTPJife$tiSfc«>. Jt 

[o 1 o 9] *«MI=««.3t2attfl-3^©^Bf^{ll4. 
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[Olio] ^mm~m^h^mmit^n<Dtm^m.ti 

[Gill] *fc. *l6lfll=€g«*S>att*t«<D«»fg 
[o 1 1 2] :*:f6Mfc«SJfcaji.tt*f«<0^ISf^ 

[0 1 13] «Br#l9:li. 3tSjai4*fi^lciC*$ 

qlllD■r■5fc^<>©WBE»*t*^rL■Ct^S^ Lt>. 

y 3tsjatt*r*4ic(5:*3 SBifti L r <7 ^ ^ ^ jjEft * -t± ■& 
c t A< w«i i * y . mj« * tifc ^ ^ -£7 ©iigfc te ixr 



[0 114] ^fc, 3t2ljatt*t*4l*. -5-CD*®(c«IS© 

[0 115] %^m=F\^. mSSailc U— tf 3t6<i|g 

t^ftS:CU-+F3te«*3t-r-5c:tlcJ:y. U— tf*A<E 

[0 116] m%^-^\y—*f%(D%mt^m.-ri> 

e^1tA<J:y-l!6j-hLr, «IB5i©*l^*<»S<fey-B 
[O 1 1 7] 

[flQ^cDjSbm] 

[oils] 9'i!inx:«5£|cJ:tilS. iO 

Xjt*^!^a>S®|cj§i|t-¥>^Bif^S^-f >A^t,^1.^^fcSlJ4^ 
A<*i:^ci:JEf<. *PXSt*!|a$^BT-r-6ci:*<-r?e 

•5. J; or. iDX?if^i^$-«)Brt--SC<l:lcJ;yftS{^K 

[|SISQa)ffim^<;i$iBJ] 

[ia 1 ] u— tfj!)nx:SjSic<fcor 
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